This paper focuses on delivering quantified results for the evaluation of the aggregated impact of stochastic antenna misalignment, multipath fading and hardware imperfections on the terahertz (THz) wireless fiber extenders. In this line, we present the appropriate signal model that accommodates the different technical and environmental parameters. In particular, it takes into consideration the antenna gains, the central frequency, the transmission range, the environmental conditions, i.e. temperature, humidity and pressure, the spatial jitter between the transmitter and receiver antennas, which results to antenna misalignment, the intensity of hardware imperfections, and the stochastic behavior of the wireless channel. Based on this model, we assess the joint impact of antenna misalignment and multipath fading, by providing Monte Carlo simulation results for the channels ergodic capacity.
INTRODUCTION
As the wireless systems evolve towards the fifth generation (5G), several technological advances, such as high order modulation schemes, massive multiple-input multiple-output (MIMO) and full duplexing, have been considered as possible enablers [1] . Although, these approaches provide significant performance improvement, there is still a lack of efficiency in handling the required quality of service and experience data driven oriented services [2] , [3] . These observations have aspired the investigation of the THz band [4] - [7] . Communications in the THz band can provide an unprecented bandwidth increase and support extremely-high data rates at a cost of severe path attenuations, transceivers antenna misalignment and hardware imperfections [8] . The path attenuation originates from the high frequencies of this band, which cause interaction and energy absorption by the molecules of the propagation medium [9] . As a result, there exist plenty of published works regarding the modeling of the THz channel particularities [10] , evaluating their impact on the THz system's performance [11] , [12] and proposing solutions [13] - [18] . Furthermore, the use of high directive antennas on the transceivers causes antenna misalignment [19] . Finally, the hardware imperfections are the result of components mismatch and manufacturing defects in the radio frequency (RF) transceiver chain [20] .
From the implementation point of view, in the THz band, the direct conversion architecture (DCA) is of much hype, due to its low-complexity and cost-effective configuration [21] - [25] . The main disadvantage of DCA is that it is sensitive to hardware imperfections, like in phase and quadrature imbalance (IQI), phase noise (PHN) and amplifier non linearities (ANL) [26] , [27] . The effect of hardware imperfections was studied in several publications (see for example [28] - [41] and references therein), which concluded that they can significantly constrain the system's performance. However, their impact has been overlooked in the vast majority of THz systems technical literature. Only very recently, it was experimentally reported in [22] , [25] . In more detail, in [25] , the impact of hardware imperfections in the 300 GHz band was reported, while in [22] , the authors highlighted their detrimental effect in THz wireless fiber extender systems.
Motivated by the above, in this paper, we present simulation results that quantify the aggregated effect of hardware imperfections in THz wireless extenders in the presence of stochastic antenna misalignment and small-scale fading. Specifically, after establishing the appropriate system model that considers the different technical and environmental parameters as well as the THz wireless channel characteristics, we assess the joint impact of misalignment and multipath fading in terms of ergodic capacity by delivering Monte Carlo simulation results.
II. SYSTEM MODEL
We consider a THz wireless fiber extender equipped with highly directive antennas at both the TX and RX, to confront the severe channel attenuation. The employed system and channel model were initially presented in [52] , where it is assumed that the complex information signal, x, is transmitted to the receiver, over a complex flat fading channel h with complex additive noise n. The baseband equivalent received signal can be expressed as n hx y i   (1) where h, x and n are statistically independent. Additionally, n is modeled as a complex zero mean additive white Gaussian process with variance N o . Despite the fact that the received signal model presented in (1) , accommodates the impact of the wireless channel and noise, the effect of hardware RF transceivers imperfections, namely IQI, PHN, as well as ANL, which, in high data rate systems, is detrimental [3] , [26] . These imperfections generate a distortion between the intended signal x and what is actually emitted and distort the received signal during the reception processing. To accommodate their influence at a given flat fading channel, we employ a generalized signal model [26] , [42] , which has been both theoretically and experimentally validated [43] - [46] . Based on this model, the baseband equivalent received signal can be written as
In (2), n t and n r are respectively the distortion noises from the hardware imperfections at TX and RX [42] , which can be modeled as [42] , [47]   
where k t and k r are non-negative parameters that determine the level of hardware imperfections at the TX and RX, respectively, while P stands for the average transmitted power. The channel coefficient, h can be obtained as 
where h fl models the propagation gain and h al the molecular absorption gain. The term h fl is modeled by employing the Friis equation. Additionally, h al denotes the molecular absorption gain and can be evaluated as [48] , [49] . The molecular absorption gain depends on the operational frequency, transmission distance and environmental conditions. The antenna misalignment, |h p | can be modeled as a stochastic process with probability density function (PDF) that can be obtained as [50] 
with w eq being the equivalent beam width radius at the RX. Moreover, A o is the fraction of the collected power when the TX and RX antennas are perfectly aligned. In order to accommodate the multipath fading effect, we model | h f | as a generalized αμ distribution [51] , with PDF that can be expressed as
x h x f fê xp 1 (7) where α > 0, μ and h f stand for the fading parameter, normalized variance of the fading channel envelope and the α-root mean value of the fading channel envelop, respectively.
III. ERGODIC CAPACITY RESULTS
In this section, we investigate the joint effects of the deterministic and stochastic path-gain, i.e., misalignment and multipath fading, components as well as the impact of transceivers hardware imperfections in the ergodic capacity of the THz wireless fiber extender, which is defined as (8) where ρ represents the instantaneous signal-to-noise ratio (SNR) and E[·] returns the expected value, by illustrating respective simulation results. Unless otherwise stated, it is assumed that TX and RX gains are G t =G r = 55 dBi, α = 2, μ = 1 (corresponds to Rayleigh multipath fading, which is employed as a performance evaluation benchmark), μ = 4 and k tr = k t = k r ( k tr = 0 corresponds to the ideal RF-chain case, which is used here as a benchmark ). Moreover, standard environmental conditions, i.e., φ=50 %, p = 101325 Pa and T = 296 K are assumed. Fig. 1 illustrates the ergodic capacity as a function of σ s for different levels hardware imperfections and values of μ. The transmission distance is, d = 30 m, the operational frequency is set to f = 275 GHz and the transmitted signal power over the noise at the RX is P/N o = 25 dB. As expected, for any given values of σ s and k tr , the ergodic capacity for the curves having μ = 1 is always lower than the respective ones with μ = 4, because the latter represents multipath fading with a strong line-of-sight path component. Furthermore, we observe that for a given value of σ s and μ, increasing k tr , the ergodic capacity significantly decreases. For example, for σ s = 0.04 m and μ = 4 altering k tr = 0 to k tr = 1 yields ergodic capacity equal to 6.68 (bits/sec/Hz), 5.04 (bits/sec/Hz), 3.57 (bits/sec/Hz), 0.83 (bits/sec/Hz) and 0.58 (bits/sec/Hz), respectively. Additionally, for a given value of μ and k tr , as σ s increases the ergodic capacity detrimentally decreases. As an example, for μ = 4 and k tr = 0, changing σ s = 0.01 m to σ s = 0.1 m the ergodic capacity degrades from 7.26 (bits/sec/Hz) to 4.15 (bits/sec/Hz).
In Fig. 2 , the ergodic capacity is depicted as a function of k tr for different values of σ s and μ. The transmission distance is set to d = 20 m, the operational frequency is f = 300 GHz and the transmitted signal power over the noise at the RX is P/N o = 20 dB. As expected, for any given values of σ s and k tr , the ergodic capacity for the curves having μ = 1 is always lower than the respective ones with μ = 4. Also, we observe that for any given value of σ s and μ as k tr increases, the ergodic capacity detrimentally decreases. For example, for σ s = 0.01 m and μ =4 increasing k tr = 0 to k tr = 0.2 the ergodic capacity degrades from 7 (bits/sec/Hz) to 3.6 (bits/sec/Hz).
IV. CONCLUSIONS
We evaluated the performance of wireless THz fiber extenders, under RF front-end hardware impairments, transceivers' antenna misalignment and multi-path fading. More specifically, we presented Monte Carlo simulation results for the assessment of the ergodic capacity. Our results reveal the detrimental effect of transceivers hardware imperfections and misalignment on the THz wireless system's performance, which are observed to be more severe compared to the effect of multipath fading. Furthermore, it can be observed that the RF imperfections are more significant than the misalignment, on the THz systems performance. Finally, the importance of accurate misalignment and impairments characterization for realistic performance assessment of THz wireless fiber extenders was highlighted.
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